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(57) ABSTRACT

A method of determining a bacterial density in a specimen
may include the steps of: (a) conducting an RNA assay on
the specimen to determine a microbial rRNA concentration,
wherein the microbial rRNA concentration is defined as the
number of rRNA molecules per volume of the specimen; and
(b) converting the rRNA concentration to a bacterial density
value.
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Sampie {aiculated CHU/mlin ASY
Name Propased Species CFU/mi Actual CFU/mb 1T0 AST errars
MB-001 £, coli 1.50E+08 9.97E+07 2.31E+05No
MBE-(02 K pheumoniae 1.01E+07 1.25E+08 £.18E+06No
MB-003 K prneumonias 5.20E+08 2.65E+08 2.55E+05 No
MB-0G4  jE. coli 2.488+05 6.43E+07 2.81E+0G7 {No
MB-005  IE. coli 3378407 7.508407 1.13E+06 No
MB-006  E. coli 1.94E+05 1.10E4+08 5.52E+05 1 No
MB-007  IE coli 2.21E+07 1.62E+08 3.68E+061No
MB-8 IE. coli 290007 5.95E+06 1.02E+05 | No
MB-003  {E. coli 1.04E+07 1.40E+07 8. 71F+05 [ No
MB-010 1B, coli 1.228+07 6.90E+05 2.82E+0G4 INo
MB-011  jE. coli 3.578+07 1.80E+08 2.24E+08 | No
MB-012 1K pneumonise 5.48E+06 3A438+07 2. 13E4+06 N
MB-013 (K pheumonize 2.36E+06 FUHOELOT 1.63E+07 [No
MB-014 £, coli 3.67E+06 1.208+07 1.63E+06iNo
MB-015 K pneumonias 2.478+07 1.46E+08 3.36E+061No
MB-016  IE. coli 1.99E+07 1.86E+08 4.66E+06{No
MB-017 E. coli 2.44E+07 1.40E+08 2.88E+061No
MB-018 K. pneurmnonise 1.70E+02 1.61E+08 1.21E+06 {No
MB-018 P asruginnsa 1.088+08 1.37E+07 5.32E+04 No
ME-020 {E. coli 2A4E+08 5.0EA07 7.4ZE+34 [No
MB-D21 E. coli 2.89E+08 1.32E+08 2.28E+05 N
MB-022 E. coli A27E+07 3.83E+07 4. 26E+05 NG
MB-023 K prsumoniae 1018408 1.48£408 7.33E405 No
MB-024 IE. coli 1.538+07 3.890E+07 2.32E+06{No
MB-025 IE. coli .85E+08 1.65E+08 8.32E+041No
MB-026 IE. coli 1.34E+08 6. 83E+07 2.54E+05No
MB-027 L. coli 1.76E+08 8.13E+06 2.31E+04 1N
MB-028 {E. coli 1.02E+08 1.83E+08 5.65E+05 {Ng
MB-029 1K prieumoniae 9.16E+05 5708405 5.70E+04 INo
MB-030 K preumonize 1.938+06 2.21E+08 2.21E+05No
MRB-031 (Enterchacteraciae 1.138+08 1.13E+08 4 98E+05 N
MB-032  E. cofl 1.18E+07 1.58E+08 5.67E+06 | No
MB-033 K. pneumoniage 6.35E+07 6. 13E+07 4.83E+05No
MB-034 K pneumonise 9.78E+07 3.857E+07 2.038+05 No
MB-035  IE. coli 1.888+086 12184086 1.21E+05 No
MB-038 {E. coli 9938405 7.83E+05 7.83E+04 No
MB-037 K. pneumoniae 1.45E+07 3.47E+06 1.20E+05No
MB-038 . coli + K pneumoniae 4, 05E+07 8.33E+07 1.03E+06 [ No
MB-039  E. coli 8.87E+05 53.008+07 5.00F+06 | No
MB-040  E. coli 1.88E+07 1.838+07 4.865+05 N
NMB-041 jE.coli 7.97E+07 1.10E+08 6. 92E+05 No
MB-042 £, coli 1.38E+08 1.91E+08 £.592E+05iNo
MB-043 £ coli 8.29E+07 3038407 1.E3E+05{No
MB-044  IE. coli 2.64E+08 4.53E+07 2.60e+04 1No
MEB-045  E. cofi 1.278+07 1.07e+36 4,21E+34{No
MB-046 K. pneumoniae 1.78E+06 1.89E+07 1.89E+06 NG
MB-047 IE. coli 1.058+086 1018406 1.01E+0% No
MB-048  Entercbacteciscae 6.108+05 1.11E+07 3.07E+05No
MB-049  IE, coli 2.02E+06 4, 10E+08 4.10E+05 N0
MB-050  JE. coli 1.04E+08 4.90E+08 2.35E+061No
MB-051  [Enterobacteriacease 5.53E+{7 3.33E+(08 3.O01EH06 No
MB-052 . coli 2.73E+05 78005 7 &0E+(4 N
MB-053 iEnterchacteriacese 1.238+07 2.70E+07 1.108+08 (NG
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METHODS FOR ESTIMATING MICROBIAL
DENSITY IN SPECIMENS BY
MEASUREMENT OF RIBOSOMAL RNA

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is a continuation of U.S.
patent application Ser. No. 17/054,288, filed on Nov. 10,
2020, and entitled “Methods for Estimating Microbial Den-
sity in Specimens by Measurement of Ribosomal RNA,”
which is a national stage entry of PCT/US2019/032235 and
also claims the benefit under 35 U.S.C. § 119(e) of U.S.
Provisional Patent Application No. 62/671,380, filed May
14, 2018, and entitled “Methods for Estimating Microbial
Density in Specimens by Measurement of Ribosomal
RNA,” the contents of which are hereby incorporated by
reference.

FIELD OF THE INVENTION

[0002] The present invention relates to a method for
estimating bacterial or microbial density. More specifically,
the invention relates to a method for estimating bacterial
density in a specimen, and particularly a method for esti-
mating bacterial density in a specimen and/or a clinical
specimen, using a ribosomal RNA-based signal.

BACKGROUND

[0003] United States patent publication no. US2015/
0104789 describes probes and methods for detecting anti-
biotic susceptibility of a specimen. The method comprises
contacting the specimen with an oligonucleotide probe that
specifically hybridizes with a target nucleic acid sequence
region of ribosomal RNA. The target sequence is at the
junction between a pre-ribosomal RNA tail and mature
ribosomal RNA of 23S or 16S rRNA. Performing the
method in the presence and absence of an antibiotic permits
detection of antibiotic susceptibility.

[0004] United States patent publication no. US2011/
0111987 describes a microfluidic system for processing a
sample that includes a microfluidic CD in the form a
rotatable disc, the disc containing a plurality of separate lysis
chambers therein. A magnetic lysis blade and lysis beads are
disposed in each of the lysis chambers and a plurality of
stationary magnets are disposed adjacent to and separate
from the microfluidic CD. The stationary magnets are con-
figured to magnetically interact with each of the magnetic
lysis blades upon rotation of the microfluidic CD. Each lysis
chamber may have its own separate sample inlet port or,
alternatively, the lysis chambers may be connected to one
another with a single inlet port coupled to one of the lysis
chambers. Downstream processing may include nucleic acid
amplification using thermoelectric heating as well as detec-
tion using a nucleic acid microarray.

[0005] PCT patent publication no. WO2016/085632
describes methods and devices for rapid assessment of
whether a microorganism present in a sample is susceptible
or resistant to a treatment.

SUMMARY

[0006] This summary is intended to introduce the reader to
the more detailed description that follows and not to limit or
define any claimed or as yet unclaimed invention. One or
more inventions may reside in any combination or sub-
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combination of the elements or process steps disclosed in
any part of this document including its claims and figures.
[0007] Some methods of quantifying bacterial ribosomal
RNA (“rRNA”) are known generally in the art. For example,
Gau et al. (2001)," Gau et al. (2005),? and Liao et al. (2007)>
all describe methods of quantifying bacterial rRNA concen-
tration. Such methods of quantifying rRNA concentration
include the following four steps: 1) Lysis to release rRNA;
2) Neutralization; 3) Hybridization of target rRNA with a
capture probe and detector probe; and 4) Detection of
capture probe-target rRNA-detector probe complexes.
Determination of rRNA concentration may be based on a
linear log-log correlation between the assay signal and
rRNA analyte concentration. A synthetic target molecule at
a known concentration may be included as a positive control
for normalization of assay signal intensity, whereby the

assay signal generated by a sample may be

! Gau JJ, Lan E H, Dunn B, Ho C M, Woo J C. A MEMS based amperometric
detector for E. coli bacteria using self-assembled monolayers. Biosens
Bioelectron. 2001; 16(9-12):745-55. PubMed PMID: 11679252.

2 Gau V, Ma S C, Wang H, Tsukuda J, Kibler J, Haake D A. Electrochemical
molecular analysis without nucleic acid amplification. Methods. 2005; 37(1):

73-83. PubMed PMID: 16213156.

3 Liao T C, Mastali M, Li Y, Gau V, Suchard M, Babbitt T T, Gornbein J,
Landaw E M, McCabe E R, Churchill B M, Haake D A. Development of an
advanced electrochemical DNA biosensor for bacterial pathogen detection. J
Mol Diagn. 2007; 9:158-68.

compared with the positive control result to determine the
number of target rRNA molecules per volume tested (con-

centration).

[0008] Methods of identifying bacteria in specimens,
including in clinical specimens, are also known generally in
the art. For example, Liao et al. (2006)* describes perform-
ing an rRNA detection assay directly on urine specimens
from patients with a urinary tract infection (“UTI”) to
identify the bacteria in the specimen. However, in Liao et al.,
specimens were refrigerated overnight before testing and no
attempt was made to relate rRNA signal intensity to bacterial

density.

4Liao T C, Mastali M, Gau V, Suchard M A, Moller A K, Bruckner D A,
Babbitt J T, Li Y, Gornbein J, Landaw E M, McCabe E R, Churchill B M,
Haake D A. Use of electrochemical DNA biosensors for rapid molecular
identification of uropathogens in clinical urine specimens. J Clin Microbiol.
2006; 44(2):561-70. PubMed PMID: 16455913.

[0009] It is generally known that rRNA copies per cell
may vary widely between specimens. For example, rRNA
copies per cell in cultivated specimens may vary from as
high as approximately 100,000 copies per cell to as low as
approximately 6000 copies per cell, depending on the
growth phase and density of bacteria cultivated in the
growth medium.

[0010] Because of this wide variation in the number of
rRNA copies per cell, known techniques of rRNA quantifi-
cation would not have been expected to enable accurate
determination of microbial density in a given specimen
because the growth phase of the microbe in the specimen
was unknown and likely to be variable. For example, rRNA
quantification would not have been expected to enable
accurate determination of bacterial density in urine speci-
mens because the growth phase of bacteria in urine speci-
mens was unknown, and rRNA quantification would not
have been expected to enable accurate determination of
bacterial density in a blood culture specimen produced in an
effort to diagnose sepsis in a time-sensitive, clinical envi-
ronment because the growth phase of bacteria in blood
culture specimen was unknown. Accordingly, there remains
a need to develop a method that can repeatably relate the
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rRNA concentration of a target microbe in a specimen (and
preferably a clinical specimen) to the actual microbial
density of the microbe in the specimen. This relation is
preferably sufficiently accurate to help make decisions in a
diagnosis and/or treatment of a subject from which the
specimen was obtained.

[0011] In accordance with one broad aspect of the teach-
ings described herein, a quantification curve that accurately
relates rRNA concentration in a clinical specimen to bacte-
rial density is described. For example, the methods
described herein have been used to demonstrate rRNA
quantification actually provides a reliable estimate of micro-
bial density in a specimen.

[0012] Quantification of bacterial density may be an
industry standard for testing of urine specimens, blood
cultures and other specimens for the presence of bacteria or
other microbes. Quantification may also help facilitate phe-
notypic antimicrobial susceptibility test (“AST”) assays to
determine the correct inoculation of a clinical specimen into
growth medium. For example, over inoculation of growth
medium with bacterial cells may prevent growth of the cells
and/or may prevent determination of antibiotic susceptibil-
ity.

[0013] It is an object of the present invention to provide a
novel method for estimating microbial, optionally bacterial,
density in a specimen.

[0014] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen using an rRNA-based signal.
[0015] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen using the rRNA concentra-
tion of microbe/bacteria in the specimen.

[0016] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen using a species-specific
rRNA concentration of one or more microbe/bacterial spe-
cies present in the specimen.

[0017] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
microbe/bacterial density may be possible when the rRNA
copies per cell may vary across specimens.

[0018] It is another object of the present invention to
provide a novel method for quantifying microbial, option-
ally bacterial density in a specimen, wherein the number of
rRNA copies per cell in the specimen may not be known.
[0019] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the growth phase of
the microbe/bacteria in the specimen may not be known.
[0020] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
microbial/bacterial density may be completed in less than
four (4) hours of obtaining the specimen.

[0021] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
microbial/bacterial density may be completed in less than
three (3) hours of obtaining the specimen.

[0022] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
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bacterial density may be completed in less than two (2)
hours of obtaining the specimen.

[0023] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
bacterial density may be completed in less than one (1) hour
of obtaining the specimen.

[0024] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
bacterial density may be completed in less than 30 minutes
of obtaining the specimen.

[0025] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a specimen, wherein the estimation of
bacterial density may be completed in less than 15 minutes
of obtaining the specimen.

[0026] It is an object of the present invention to provide a
novel method for estimating microbial, optionally bacterial
density in a clinical specimen.

[0027] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen using an rRNA-
based signal.

[0028] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen using the rRNA
concentration of bacteria in the clinical specimen.

[0029] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen using a species-
specific rRNA concentration of one or more microbial or
bacterial species present in the clinical specimen.

[0030] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be possible when
the rRNA copies per cell may vary across clinical speci-
mens.

[0031] It is another object of the present invention to
provide a novel method for quantifying microbial, option-
ally bacterial density in a clinical specimen, wherein the
number of rRNA copies per cell in the clinical specimen may
not be known.

[0032] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the growth
phase of the microbe or bacteria in the clinical specimen
may not be known.

[0033] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may then be used for application in a clinical setting.
[0034] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may be accurate enough for further clinical actions regard-
less of the growth phase of the microbe or bacteria.

[0035] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
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may be accurate enough for further clinical actions regard-
less of the density of microbe or bacteria in the clinical
specimen.
[0036] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may be accurate enough for further clinical actions regard-
less of the growth phase or density of the microbe or bacteria
in the clinical specimen.
[0037] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may then be used to determine the likelihood of microbial or
bacterial infection.
[0038] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may then be used to optimize the clinical specimen for one
or more further clinical actions.
[0039] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density in the clinical specimen
may be then be used to optimize the clinical specimen for
antimicrobial susceptibility testing.
[0040] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than four (4) hours of obtaining the clinical specimen.
[0041] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than three (3) hours of obtaining the clinical specimen.
[0042] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than two (2) hours of obtaining the clinical specimen.
[0043] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than one (1) hour of obtaining the clinical specimen.
[0044] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than 30 minutes of obtaining the clinical specimen.
[0045] It is another object of the present invention to
provide a novel method for estimating microbial, optionally
bacterial density in a clinical specimen, wherein the estima-
tion of microbial or bacterial density may be completed in
less than 15 minutes of obtaining the clinical specimen.
[0046] Accordingly, an aspect of the present invention
provides a method of determining a bacterial density in a
specimen, the method comprising:

[0047] conducting a rRNA assay on the specimen to

determine a bacterial rRNA concentration, wherein the
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bacterial rRNA concentration is defined as the number
of rRNA molecules per volume of the specimen; and

[0048] converting the rRNA concentration to a bacterial
density value.

[0049] In another of its aspects, the present invention
provides a method of determining a relationship between
bacterial rRNA concentration and bacterial density in a
group of specimens, the method comprising:

[0050] a. conducting a rRNA assay to determine a
bacterial rRNA concentration in one or more specimens
of a group of specimens, wherein the bacterial rRNA
concentration is defined as the number of rRNA mol-
ecules per volume of the specimen;

[0051] b. converting the rRNA concentration in each
specimen in the group to a bacterial density value; and

[0052] c. correlating the bacterial rRNA concentrations
from (a) with the bacterial densities from (b).

[0053] In another of its aspects, the present invention
provides a method of determining if a subject has an
infection, comprising

[0054] a. conducting an RNA assay on a clinical speci-
men to determine a bacterial rRNA concentration,
wherein the bacterial rRNA concentration is defined as
the number of rRNA molecules per volume of the
specimen;

[0055] b. converting the rRNA concentration to a bac-
terial density value; and

[0056] c. determining a likelihood of infection by com-
paring the bacterial density value with a predetermined
infection threshold value.

[0057] In another of its aspects, the present invention
provides a method of preparing a clinical specimen to be
subjected to a direct-from-specimen phenotypic antimicro-
bial susceptibility test, comprising determining a dilution
factor for inoculation, the method comprising:

[0058] a. conducting a rRNA assay on the specimen to
determine a bacterial rRNA concentration, wherein the
bacterial rRNA concentration is defined as the number
of rRNA molecules per volume of the specimen; and

[0059] b. converting the rRNA concentration to a bac-
terial density value

[0060] c. outputting the bacterial density value in a
format that is useful for determining the dilution factor
for a phenotypic antimicrobial susceptibility test.

[0061] In another of its aspects, the present invention
provides a method of determining a dilution factor of a
clinical specimen to use in a direct-from-specimen pheno-
typic antimicrobial susceptibility test, the method compris-
ing:

[0062] a. conducting a rRNA assay on the clinical
specimen to determine a bacterial rRNA concentration,
wherein the bacterial rRNA concentration is defined as
the number of rRNA molecules per volume of the
specimen; and

[0063] b. converting the rRNA concentration to a bac-
terial density value; and.

[0064] c. comparing the bacterial density value to a
target inoculation concentration for use in a phenotypic
antimicrobial susceptibility test.

[0065] In another of its aspects, the present invention
provides a method of determining a microbial density in a
specimen, the method comprising:

[0066] a. conducting a rRNA assay on the specimen to
determine a microbial rRNA concentration, wherein the
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microbial rRNA concentration is defined as the number
of rRNA molecules per volume of the specimen; and
[0067] b. converting the rRNA concentration to a
microbial density value.
[0068] These and other aspects will become apparent to
those of skill in the art upon reviewing the present specifi-
cation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0069] Embodiments of the present invention will be
described with reference to the accompanying drawings, in
which:

[0070] FIG. 1, in a flowchart, illustrates the steps involved
in estimating bacterial density in a urine specimen using the
rRNA concentration of bacteria in the specimen;

[0071] FIG. 2, in a graph, illustrates the correlation
between rRNA concentration and density of £. coli in urine
specimens from patients with urinary tract infection;
[0072] FIG. 3, in a graph, illustrates the correlation
between rRNA copies per cell and density of E. coli in urine
specimens from patients with urinary tract infection; and
[0073] FIG. 4, in a graph, illustrates the contrast between
rRNA copies per cell and density of E. coli cultivated in
growth medium vs. E. coli in urine specimens from patients
with urinary tract infection.

[0074] FIG. 5, in tabular form, illustrates the comparison
between calculated CFU/ml concentrations values of clini-
cal urine specimens with the actual CFU/ml from quantita-
tive plate counting.

DETAILED DESCRIPTION

[0075] The present invention relates to a method of deter-
mining a bacterial density in a specimen, the method com-
prising: (a) conducting a rRNA assay on the specimen to
determine a bacterial rRNA concentration, wherein the bac-
terial rRNA concentration is defined as the number of IRNA
molecules per volume of the specimen; and (b) converting
the rRNA concentration to a bacterial density value. The
method may further comprise comprising outputting the
bacterial density value in a format that is useful for deter-
mining the dilution factor for a phenotypic antimicrobial
susceptibility test.

[0076] Preferred embodiments of this method may include
any one or a combination of any two or more of any of the
following features:

[0077] a pre-determined translation function is used to
convert the rRNA concentration to a bacterial density
value;

[0078] steps (a) to (b) are conducted in sequence with-
out an intervening step of culturing the specimen;

[0079] the specimen comprises at least one of a bio-
logical material and a culture of biological material
obtained;

[0080] the rRNA assay produces an assay signal and
wherein the bacterial rRNA concentration is based on a
linear log-log correlation between the assay signal and
an rRNA analyte concentration;

[0081] the bacterial rRNA concentration is determined
by steps comprising (a) processing the bacterial rRNA
in the specimen to obtain an rRNA signal; (b) taking the
log of the rRNA signal to obtain an rRNA signal LOG;
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and (c) comparing the rRNA signal LOG with a posi-
tive control to determine the rRNA concentration of the
specimen;

[0082] the rRNA signal is determined using an electro-
chemical sensor platform, an optical platform, or qRT-
PCR.

[0083] the optical platform is an ELISA, magnetic
beads, or capture probe array;

[0084] the rRNA is processed by steps comprising (a)
lysing the specimen to release bacterial rRNA; (b) if
necessary, neutralizing the released rRNA; (c) hybrid-
izing the rRNA with capture and detector probes to
form one or more capture probe-rRNA-detector probe
complexes; and (d) detecting the resulting capture
probe-rRNA-detector probe complexes;

[0085] the lysis of the bacteria comprises at least one of
mechanical lysis, chemical lysis, and a combination of
mechanical and chemical lysis;

[0086] the bacterial density value is determined from a
pre-determined correlation between the bacterial rRNA
concentration and the bacterial density;

[0087] the bacterial density value is determined by
using a slope of a regression line from the pre-deter-
mined correlation between the bacterial rRNA concen-
tration and bacterial density;

[0088] the slope of the regression line is a linear func-
tion;

[0089] the linear function has a formula y=mx+b, and
wherein x in the formula is the bacterial rRNA con-
centration and y in the formula is the bacterial density
value; the slope of the regression line is represented by
the formula: y=1.79x+3.5;

[0090] determining a bacterial rRNA concentration of
bacteria in the specimen and calculating a bacterial
density value are completed in less than four (4) hours
after obtaining a specimen, or in less than three (3)
hours after obtaining a specimen, or in less than two (2)
hours after obtaining a specimen, or in less than one (1)
hour after obtaining a specimen, or in less than thirty
(30) minutes after obtaining a specimen, or in less than
fifteen (15) minutes after obtaining a specimen;

[0091] the specimen contains one bacterial species;

[0092] the specimen contains more than one bacterial
species;

[0093] Dacteria in the specimen have between about
1000 and about 100,000 rRNA copies each;

[0094] Dacteria in the specimen have between about
5000 and about 45,000 rRNA copies each;

[0095] the bacterial density value is equal to the actual
bacterial density in the specimen;

[0096] the bacterial density value is not equal to the
actual bacterial density in the specimen;

[0097] the specimen is provided by or taken from a
mammal;

[0098] the mammal is a human, dog, cat, murine, sim-
ian, farm animal, sport animal, or companion animal;

[0099] the specimen is a clinical specimen;

[0100] determining a bacterial rRNA concentration of
bacteria in the specimen and calculating a bacterial
density value are conducted directly on the clinical
specimen;

[0101] the clinical specimen comprises a biological
material; and/or
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[0102] the biological material comprises at least one of
urine, blood, blood culture, serum, plasma, saliva,
tears, gastric fluids, digestive fluids, stool, mucus,
sputum, sweat, earwax, oil, semen, vaginal fluid, glan-
dular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal
fluid, wounds, burns, tissue homogenates and an inocu-
lum derived therefrom that is generated during conven-
tional laboratory testing procedures.

[0103] In another of its aspects, the present invention
relates to a method of determining a relationship between
bacterial rRNA concentration and bacterial density in a
group of specimens, the method comprising: (a) conducting
an RNA assay to determine a bacterial rRNA concentration
in one or more specimens of a group of specimens, wherein
the bacterial rRNA concentration is defined as the number of
rRNA molecules per volume of the specimen; (b) converting
the rRNA concentration in each specimen in the group to a
bacterial density value; and (c) correlating the bacterial
rRNA concentrations from (a) with the bacterial densities
from (b).

[0104] Preferred embodiments of this method may include
any one or a combination of any two or more of any of the
following features:

[0105] each specimen in the group contains one bacte-
rial species;

[0106] the specimens contain more than one bacterial
species;

[0107] the specimens are provided by or taken from
mammals;

[0108] mammals are humans, dogs, cats, murines, sim-
ians, farm animals, sport animals, or companion ani-
mals;

[0109] each specimen in the group comprises a clinical
specimens;

[0110] the clinical specimens are biological material;

[0111] the biological material comprises at least one of
urine, blood, blood culture, serum, plasma, saliva,
tears, gastric fluids, digestive fluids, stool, mucus,
sputum, sweat, earwax, oil, semen, vaginal fluid, glan-
dular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal
fluid, wounds, burns, tissue homogenates and an inocu-
lum derived therefrom that is generated during conven-
tional laboratory testing procedures;

[0112] the bacterial rRNA concentration is based on a
linear log-log correlation between an assay signal and
an rRNA analyte concentration;

[0113] the bacterial rRNA concentration is determined
for each specimen by steps comprising (a) processing
the bacterial rRNA in the specimen to obtain an rRNA
signal; (b) taking the log of the rRNA signal to obtain
an rRNA signal LOG; and (¢) comparing the rRNA
signal LOG with a positive control to determine the
rRNA concentration of the specimen.

[0114] the rRNA signal is determined using an electro-
chemical sensor platform, an optical platform, or a
qRT-PCR;

[0115] the optical platform is an ELISA, magnetic
beads, or capture probe array;

[0116] the rRNA is processed by steps comprising a)
lysing the specimen to release bacterial rRNA; (b)
neutralizing the released rRNA; (c¢) hybridizing the
rRNA with capture and detector probes to form one or
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more capture probe-rRNA-detector probe complexes;
and (d) detecting the resulting capture probe-rRNA-
detector probe complexes;

[0117] the lysis of the bacteria is mechanical, chemical,
or both mechanical and chemical;

[0118] the bacterial density of each specimen is deter-
mined by plate counts or microscopy;

[0119] the correlation between the bacterial rRNA con-
centrations and the bacterial densities is determined by
plotting the log 10 of the bacterial rRNA concentration
of each specimen against the log 10 of the bacterial
density of each specimen;

[0120] the correlation between the bacterial rRNA con-
centrations and the bacterial densities has a linear
relationship; and/or

[0121] the linear relationship is represented by the for-
mula: y=1.79x+3.5, wherein x in the formula is the
bacterial rRNA concentration and y in the formula is
the bacterial density.

[0122] In another of its aspects, the present invention
relates to a method of determining if a subject has an
infection, comprising (a) conducting an RNA assay on a
clinical specimen to determine a bacterial rRNA concentra-
tion, wherein the bacterial rRNA concentration is defined as
the number of rRNA molecules per volume of the specimen;
(b) converting the rRNA concentration to a bacterial density
value; and (c) determining a likelihood of infection by
comparing the bacterial density value with a predetermined
infection threshold value. The method may further comprise
outputting the bacterial density value in a format that is
useful for determining the dilution factor for a phenotypic
antimicrobial susceptibility test.

[0123] Preferred embodiments of this method may include
any one or a combination of any two or more of any of the
following features:

[0124] a pre-determined translation function is used to
convert the rRNA concentration to a bacterial density
value.

[0125] steps (a) to (b) are conducted in sequence with-
out an intervening step of culturing the clinical speci-
men,

[0126] the specimen comprises at least one of a bio-
logical material and a culture of biological material;

[0127] the bacterial density value is determined from a
known correlation between actual rRNA concentration
and bacterial density;

[0128] the bacterial density value is determined by
using a slope of a regression line from the known
correlation between actual rRNA concentration and
bacterial density;

[0129] the slope of the regression line is a linear func-
tion;

[0130] the slope of the regression line has a formula
y=mx+b, and wherein x in the formula is the bacterial
rRNA concentration and y in the formula is the bacte-
rial density value;

[0131] the slope of the regression line is represented by
the formula: y=1.79x+3.5;

[0132] an infection is likely if the bacterial density
value is greater than or equal to the infection threshold
value;

[0133] an infection is not likely if the bacterial density
value is less than the infection threshold value;
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[0134] the infection threshold value is 2 standard devia-
tions above background;

[0135] the infection threshold value is 10,000 CFU/ml;

[0136] determining a bacterial rRNA concentration of
bacteria in the specimen and calculating a bacterial
density value in the clinical specimen are in less than
four (4) hours after obtaining a clinical specimen, or in
less than three (3) hours after obtaining a clinical
specimen, or in less than two (2) hours after obtaining
a clinical specimen, or in less than one (1) hour after
obtaining a clinical specimen, or in less than thirty (30)
minutes after obtaining a clinical specimen, or in less
than fifteen (15) minutes after obtaining a clinical
specimen;

[0137] the clinical specimen contains one bacterial spe-
cies;

[0138] the clinical specimen contains more than one
bacterial species;

[0139] bacteria in the specimen have between about 100
and about 100,000 rRNA copies each;

[0140] bacteria in the specimen have between about
5000 and about 45,000 rRNA copies each;

[0141] the specimen has a bacterial density and wherein
the bacterial density value is equal to the actual bac-
terial density;

[0142] the specimen has a bacterial density and wherein
the bacterial density value is not equal to the actual
bacterial density;

[0143] the subject is a mammal;

[0144] the subject comprises at least one of a human,
dog, cat, murine, simian, farm animal, sport animal,
and a companion animal;

[0145] the clinical specimen comprises at least one of
urine, blood, blood culture, serum, plasma, saliva,
tears, gastric fluids, digestive fluids, stool, mucus,
sputum, sweat, earwax, oil, semen, vaginal fluid, glan-
dular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal
fluid, wounds, burns, tissue homogenates and an inocu-
lum derived therefrom that is generated during conven-
tional laboratory testing procedures;

[0146] the bacterial rRNA concentration is based on a
linear log-log correlation between an assay signal and
an rRNA analyte concentration;

[0147] the bacterial rRNA concentration is determined
by steps comprising (a) processing the bacterial rRNA
in the specimen to obtain an rRNA signal; (b) taking the
log of the rRNA signal to obtain an rRNA signal LOG;
and (c¢) comparing the rRNA signal LOG with a posi-
tive control to determine the rRNA concentration of the
specimen.

[0148] the rRNA signal is determined using an electro-
chemical sensor platform, an optical platform, or a
qRT-PCR;

[0149] the optical platform is an ELISA, magnetic
beads, or capture probe array;

[0150] the rRNA is processed by steps comprising (a)
lysis to release rRNA of the bacteria in the specimen;
(b) neutralization of lysate; (c¢) hybridization of target
rRNA with capture and detector probes; and (d) detec-
tion of capture probe-rRNA-detector probe complexes;
and/or

[0151] the lysis of the bacteria is mechanical, chemical,
or both mechanical and chemical.
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[0152] In another of its aspects, the present invention
provides a method of determining a dilution factor of a
clinical specimen to use in a direct-from-specimen pheno-
typic antimicrobial susceptibility test, the method compris-
ing: (a) conducting a rRNA assay on the clinical specimen
to determine a bacterial rRNA concentration, wherein the
bacterial rRNA concentration is defined as the number of
rRNA molecules per volume of the specimen; (b) converting
the rRNA concentration to a bacterial density value; and (c)
comparing the bacterial density value to a target inoculation
concentration for use in a phenotypic antimicrobial suscep-
tibility test.

[0153] Preferred embodiments of this method may include
any one or a combination of any two or more of any of the
following features:

[0154] the bacterial density value is greater than the
target inoculation concentration;

[0155] the method further comprises the step of diluting
the clinical specimen until the bacterial density value
equal to or less than the target inoculation range;

[0156] the bacterial density value is equal to or less than
the target inoculation concentration;

[0157] the method further comprises the step of prepar-
ing the inoculation without diluting the clinical speci-
men,

[0158] the target inoculation concentration is between
about 1x105 CFU/ml to about 5x106 CFU/ml;

[0159] the target inoculation concentration is about
5%105 CFU/ml;

[0160] the clinical specimen is diluted with a growth
medium,;

[0161] the bacterial density value is determined from a
known correlation between actual rRNA concentration
and bacterial density;

[0162] the bacterial density value is determined by
using a slope of a regression line from the known
correlation between rRNA concentration and bacterial

density;
[0163] the slope of the regression line is a linear func-
tion;

[0164] the slope of the regression line has a formula
y=mx+b, and wherein x in the formula is the bacterial
rRNA concentration in the specimen and y in the
formula is the bacterial density value;

[0165] the slope of the regression line is represented by
the formula: y=1.79x+3.5;

[0166] determining a bacterial rRNA concentration of
bacteria in the specimen and calculating a bacterial
density value in the clinical specimen are completed in
less than four (4) hours after obtaining a clinical
specimen, or in less than three (3) hours after obtaining
a clinical specimen, or in less than two (2) hours after
obtaining a clinical specimen, or in less than one (1)
hour after obtaining a clinical specimen, or in less than
thirty (30) minutes after obtaining a clinical specimen,
or in less than fifteen (15) minutes after obtaining a
clinical specimen;

[0167] the clinical specimen contains one bacterial spe-
cies;

[0168] the clinical specimen contains more than one
bacterial species;

[0169] Dacteria in the clinical specimen have between
about 1000 and about 100,000 rRNA copies each;
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[0170] bacteria in the clinical specimen have between
about 5000 and about 45,000 rRNA copies each;

[0171] the clinical specimen has a bacterial density and
wherein the bacterial density value is equal to the actual
bacterial density;

[0172] the specimen has an actual concentration of
bacteria and wherein the bacterial density value is not
equal to the actual concentration of bacteria in the
specimen;

[0173] the clinical specimen is provided by or taken
from a mammal;

[0174] the mammal is a human, dog, cat, murine, sim-
ian, farm animal, sport animal, or companion animal;

[0175] the clinical specimen comprises a biological
material;

[0176] the biological material comprises at least one of
urine, blood, serum, plasma, saliva, tears, gastric fluids,
digestive fluids, stool, mucus, sputum, sweat, earwax,
oil, semen, vaginal fluid, glandular secretion, breast
milk, synovial fluid, pleural fluid, lymph fluid, amniotic
fluid, feces, cerebrospinal fluid, wounds, burns, tissue
homogenates and an inoculum derived therefrom that is
generated during conventional laboratory testing pro-
cedures;

[0177] the bacterial rRNA concentration is based on a
linear log-log correlation between an assay signal and
an rRNA analyte concentration;

[0178] the bacterial rRNA concentration is determined
by steps comprising: (a) processing the bacterial rRNA
in the specimen to obtain an rRNA signal; (b) taking the
log of the rRNA signal to obtain an rRNA signal LOG;
and (c¢) comparing the rRNA signal LOG with a posi-
tive control to determine the bacterial rRNA concen-
tration of the specimen;

[0179] the rRNA signal is determined using an electro-
chemical sensor platform, an optical platform, or qRT-
PCR;

[0180] the optical platform is an ELISA, magnetic
beads, or capture probe array;

[0181] the rRNA is processed by steps comprising (a)
lysis to release rRNA of the bacteria in the specimen;
(b) neutralization of lysate; (c¢) hybridization of target
rRNA with capture and detector probes; and (d) detec-
tion of capture probe-rRNA-detector probe complexes;
and/or

[0182] the lysis of the bacteria comprises at least one of
mechanical lysis, chemical lysis and a combination of
both mechanical and chemical lysis.

[0183] In another of its aspects, the present invention
relates to a method of determining a microbial density in a
specimen, the method comprising: (a) conducting an RNA
assay on the specimen to determine a microbial rRNA
concentration, wherein the microbial rRNA concentration is
defined as the number of rRNA molecules per volume of the
specimen; and (b) converting the rRNA concentration to a
microbial density value. The method may further comprise
outputting the microbial density value in a format that is
useful for determining the dilution factor for a direct-from-
specimen phenotypic antimicrobial susceptibility test.
[0184] Preferred embodiments of this method may include
any one or a combination of any two or more of any of the
following features:
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[0185] a pre-determined translation function is used to
convert the rRNA concentration to a microbial density
value;

[0186] steps (a) to (b) are conducted in sequence with-
out an intervening step of culturing the specimen;

[0187] the specimen comprises at least one of a bio-
logical material obtained from a subject prior to obtain-
ing a specimen and a culture of biological material
obtained from a subject that is produced prior to
obtaining a specimen;

[0188] the rRNA assay produces an assay signal and
wherein the microbial rRNA concentration is based on
a linear log-log correlation between the assay signal
and an rRNA analyte concentration;

[0189] the microbial rRNA concentration is determined
by steps comprising: (a) processing the microbial
rRNA in the specimen to obtain an rRNA signal; (b)
taking the log of the rRNA signal to obtain an rRNA
signal LOG; and (¢) comparing the rRNA signal LOG
with a positive control to determine the rRNA concen-
tration of the specimen;

[0190] the rRNA signal is determined using an electro-
chemical sensor platform, an optical platform, or qRT-
PCR;

[0191] the optical platform is an ELISA, magnetic
beads, or capture probe array;

[0192] the rRNA is processed by steps comprising (a)
lysing the specimen to release bacterial rRNA; (b)
neutralizing the released rRNA; (c¢) hybridizing the
rRNA with capture and detector probes to form one or
more capture probe-rRNA-detector probe complexes;
and (d) detecting the resulting capture probe-rRNA-
detector probe complexes;

[0193] the lysis of the microbes comprises at least one
of mechanical lysis, chemical lysis, and a combination
of mechanical and chemical lysis;

[0194] the microbial density value is determined from a
pre-determined correlation between the microbial
rRNA concentration and the microbial density;

[0195] microbial density value is determined by using a
slope of a regression line from the pre-determined
correlation between the bacterial rRNA concentration
and microbial density;

[0196] the slope of the regression line is a linear func-
tion;

[0197] the linear function has a formula y=mx+b, and
wherein x in the formula is the microbial tRNA con-
centration and y in the formula is the microbial density
value;

[0198] the slope of the regression line is represented by
the formula: y=1.79x+3.5;

[0199] determining a microbial rRNA concentration of
a microbe in the specimen and calculating a microbial
density value in the specimen are completed in less
than four (4) hours after obtaining a specimen, or in less
than three (3) hours after obtaining a specimen, or in
less than two (2) hours after obtaining a specimen, or
in less than one (1) hour after obtaining a specimen, or
in less than thirty (30) minutes after obtaining a speci-
men, or in less than fifteen (15) minutes after obtaining
a specimen;

[0200] the specimen contains one microbial species;

[0201] the specimen contains more than one microbial
species.
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[0202] microbes in the specimen have between about
1000 and about 100,000 rRNA copies each;

[0203] microbes in the specimen have between about
5000 and about 45,000 rRNA copies each;

[0204] the microbial density value is equal to the actual
microbial density in the specimen;

[0205] the microbial density value is not equal to the
actual microbial density in the specimen;

[0206] the specimen is provided by or taken from a
mammal;
[0207] the mammal is a human, dog, cat, murine, sim-

ian, farm animal, sport animal, or companion animal;
[0208] the specimen is a clinical specimen;
[0209] determining a microbial rRNA concentration of
a microbe in the specimen and calculating a microbial
density value in the specimen are conducted directly on
the clinical specimen;
[0210] the clinical specimen comprises a biological
material; and/or
[0211] the biological material comprises at least one of
urine, blood, blood culture, serum, plasma, saliva,
tears, gastric fluids, digestive fluids, stool, mucus,
sputum, sweat, earwax, oil, semen, vaginal fluid, glan-
dular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal
fluid, wounds, burns, or tissue homogenates and an
inoculum derived therefrom that is generated during
conventional laboratory testing procedures.
[0212] Various apparatuses or processes will be described
below to provide an example of an embodiment of each
claimed invention. No embodiment described below limits
any claimed invention and any claimed invention may cover
processes or apparatuses that differ from those described
below. The claimed inventions are not limited to apparatuses
or processes having all of the features of any one apparatus
or process described below or to features common to mul-
tiple or all of the apparatuses described below. It is possible
that an apparatus or process described below is not an
embodiment of any claimed invention. Any invention dis-
closed in an apparatus or process described below that is not
claimed in this document may be the subject matter of
another protective instrument, for example, a continuing
patent application, and the applicants, inventors, or owners
do not intend to abandon, disclaim, or dedicate to the public
any such invention by its disclosure in this document.
[0213] The term “specimen” used herein refers to a mate-
rial which is isolated from its natural environment, including
but not limited to biological materials (see definition of
“clinical specimen” below), food products, and fermented
products.
[0214] The term “clinical specimen” used herein refers to
samples of biological material, including but not limited to
urine, blood, blood cultures (such as may be prepared when
diagnosing sepsis), cultures of other biological material,
serum, plasma, saliva, tears, gastric and/or digestive fluids,
stool, mucus, sputum, sweat, earwax, oil, semen, vaginal
fluid, glandular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal fluid,
wounds, burns, tissue homogenates and/or an inoculum
derived therefrom that is generated during conventional
laboratory testing procedures. The clinical specimen may be
collected and stored by any means, including in a sterile
container.
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[0215] A clinical specimen may be provided by or taken
from any mammal, including but not limited to humans,
dogs, cats, murines, simians, farm animals, sport animals,
and companion animals.

[0216] The term “microbe” used herein refers to any
species of microorganism, including but not limited to
bacteria, fungi, and parasites.

[0217] The term “microbial density” used herein refers to
the actual concentration of a given microbe in a specimen.
Microbial density is expressed herein in colony forming
units per milliliter (CFU/ml) but can be expressed by any
another units, including but not limited to genomes per
milliliter.

[0218] The term “microbial density value” used herein
refers to an estimate or approximation of the microbial
concentration in a specimen. The microbial density value
may refer to a species-specific concentration of microbes or
may refer to the concentration of more than one species/type
of microbes. Microbial density value is expressed herein in
colony forming units per milliliter (CFU/ml) but can be
expressed by any another units, including but not limited to
genomes per milliliter. As shown herein, the microbial
density value may be equal to than the actual concentration
of the microbial in a given specimen, or may be different.
[0219] The term “bacteria” used herein refers to any
species of bacteria, including but not limited to Gram-
negative and Gram-positive bacteria, anaerobic bacteria, and
parasites.

[0220] The term “bacterial density” used herein refers to
the actual concentration or quantity of bacteria in a speci-
men. Bacterial density is expressed herein in colony forming
units per milliliter (CFU/ml) but can be expressed by any
another units, including but not limited to genomes per
milliliter.

[0221] The term “bacterial density value” used herein
refers to an estimate or approximation of the bacterial
concentration in a specimen. The bacterial density value
may refer to a species-specific concentration of bacteria or
may refer to the concentration of more than one species of
bacteria. Bacterial density value is expressed herein in
colony forming units per milliliter (CFU/ml) but can be
expressed by any another units, including but not limited to
genomes per milliliter. As shown herein, the bacterial den-
sity value may be equal to than the actual concentration of
the bacteria in a given specimen, or may be different.
[0222] The term “rRNA” used herein refers to the ribo-
somal ribonucleic acid of bacteria present in a specimen.
[0223] The term “rRNA concentration” used herein refers
to the number of rRNA molecules per volume tested. rRNA
concentration is expressed herein in picomolar (pM) units
but can be expressed by any another units.

[0224] The term “rRNA signal” used herein refers to the
rRNA analyte concentration determined by the quantifica-
tion of rRNA concentration in a specimen. An rRNA signal
can be quantified by any known or unknown platform or
method. Known platforms include but are not limited to
electrochemical sensor platforms, optical platforms (e.g.
ELISA, magnetic beads, capture probe arrays), and qRT-
PCR.

[0225] The term “positive control” used herein refers to a
known concentration of a target molecule that is included in
an assay to produce a known and expected effect. Examples
of target molecules that can be used as positive controls
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would be known to the person skilled in the art, and include
synthetic oligonucleotides that have the same sequence as
the target rRNA sequence.

[0226] The term “negative control” used herein refers to a
known treatment that is included in an assay that is not
expected to have any effect. Examples of treatments that can
be used as negative controls would be known to the person
skilled the art, and include specimens that do not contain
rRNA, including RNase-treated samples.

[0227] The term “background” used herein refers to the
result obtained from samples lacking rRNA, bacteria, or
other microbes.

[0228] The term “infection threshold” used herein refers to
the minimum microbial or bacterial density in a clinical
specimen that indicates the presence of infection. A clinical
specimen with a microbial or bacterial density above the
“infection threshold” therefore may suggest the presence of
infection. Microbial or bacterial densities below the cutoff
may be considered negative for infection, possibly indicat-
ing such factors as contamination of the specimen during
collection or outgrowth of contaminants during storage or
transport. The infection threshold and how it is determined
may differ for the type of specimen being analyzed, for the
species of bacteria or microbe being analyzed, and/or for the
infection being tested for. For example, when assessing for
the presence of a urinary tract infection, a false negative rate
of =5% may often be sufficient for tests for bacteriuria,
which may be achieved by setting the infection threshold to
2 standard deviations above background.

[0229] The term “target inoculation concentration” used
herein refers to the concentration of bacteria or microbe in
a clinical specimen, or a range of concentrations of bacteria
in a clinical specimen, that, when inoculated into growth
medium, may provide accurate results on an antimicrobial
susceptibility test (“AST”). For example, for a direct-from-
specimen phenotypic AST of a specimen, an inoculation
concentration may be between about 1x105 and about
5x106 CFU/ml, and preferably may be about 5x105 CFU/
ml, and may provide an accurate/useful AST result, whereas
inoculation concentrations more than 5x106 CFU/ml may
reduce the accuracy. The target inoculation concentration
may be used to determine what dilution factor, if any, is
required to dilute a clinical specimen such that the bacterial
density of the specimen may be optimized for an AST.
[0230] In some circumstances, time may be of the essence
when detecting the presence of bacteria or other microbes in
specimens. For example, such detection is often the first step
in the diagnosis and/or treatment of infectious disease such
as sepsis. A given clinical specimen, such as a direct bodily
fluid sample or culture of blood or other bodily fluid sample,
may be been obtained from a subject, whether it be a human
or an animal, who may require further medical treatment
based on the results of the analysis of the clinical specimen.
For example, urine specimens are often obtained from
subjects experiencing symptoms consistent with urinary
tract infections. Similarly, blood samples are often obtained
from subjects experiencing symptoms consistent with sepsis
and blood cultures produced therefrom. Accurately deter-
mining the presence of bacteria, or combination of bacteria,
and preferably a quantum of bacterial concentration, in such
clinical specimens may help determine an appropriate
course of treatment. For example, information regarding the
bacterial density in a particular clinical specimen may be
incorporated into the performance of an AST of significant
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bacterial isolates. The goals of such analyses are often to
detect possible drug resistance in common pathogens and to
assure susceptibility to drugs of choice for particular infec-
tions. This information may help clinicians prescribe effec-
tive antibiotics or other treatment regimes.

[0231] Conventional methods for determining the bacte-
rial density in a sample often include at least one growth
phase, in which a bacterial culture is prepared from the
specimen. Such methods may be relatively accurate but are
relatively slow, taking several hours, days, or weeks to
provide useful results. In a clinical environment, such time
frames may be undesirable and may be considered too long
a time period to withhold/delay treatment for a subject. That
is, while conventional techniques for determining bacterial
density may tend to produce generally accurate results, they
may be considered too slow to be of practical assistance.
This time delay can sometimes lead to treatments being
implemented, such as a particular antibiotic being pre-
scribed, before the bacterial test results are obtained. This
may lead to the unnecessary prescription of antibiotics
and/or the prescription of a selected antibiotic that is less
effective in treating a particular bacterium than other avail-
able antibiotics.

[0232] In addition to the time required to perform the
analysis, conventional techniques often require a skilled
technician to set-up and run the bacterial cultures, as well as
to interpret the results. The analysis may also require spe-
cialized and/or costly equipment. As such equipment and
skilled technicians can be relatively scarce resources, they
are often located in centralized labs and/or hospital envi-
ronments which are removed from common frontline care
facilities, such as a physician’s or veterinarian’s office,
walk-in clinics, and the like. This arrangement can further
delay the processing and analysis of clinical specimens by
several hours or days, as the specimens must be physically
transported from the front line environment to a centralized
testing location and may then wait in a testing queue or
backlog of samples awaiting analysis. This time-delay may
reduce the accuracy of the ensuing clinical specimen analy-
sis due to such factors as growth or death of any bacteria that
may be present in the specimen.

[0233] There remains a need for relatively faster specimen
analysis methods, and a need to be able to perform at least
some of the analysis in situ in a front line setting, such as in
a physician’s or veterinarian’s office, instead of having to
physically transport the specimens to a centralized location.
Similarly, it would be advantageous to provide a method in
which a clinically meaningful test result (i.e. information
that can help inform treatment decisions) can be provided to
a caregiver without requiring the individual skill and judg-
ment of a skilled technician.

[0234] To help overcome at least some of these deficien-
cies in conventional methods of specimen analysis, the
present inventors have developed a method in which it may
be possible to estimate the bacterial density in a specimen in
situ, in a front line setting, and in less time than conventional
methods may allow for. In contrast to the established prac-
tices of quantifying bacterial density, the present inventors
have discovered that rRNA quantification can provide a
sufficiently reliable estimate of microbial density in a speci-
men so as to provide a meaningful measure of microbial
density that may be useful for informing further actions (e.g.
in clinical diagnosis and/or quantification of infections), and
may be practically useful for other reporting, diagnosing,
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and/or therapeutic processes and methods. While experi-
ments conducted to determine the bacterial density in urine
samples are described in detail herein as one exemplary
example, the methods and techniques described herein are
applicable to a variety of different microbes.

[0235] The present inventors have determined that the
number of rRNA copies per cell (z) may provide a link
between the microbial rRNA concentration ([RNA]) and
microbial density (CFU/ml) in a microbe-containing speci-
men, where it has been discovered that the number of rRNA
copies per cell may be expressed as a Translation Function
as follows:

[rRNA]=Az)-cfu/ml

[0236] As indicated by this equation, the number of rRNA
copies per cell (z) may be a linear function, which may be
at least partially dependent on bacterial concentration. In
some specimens, the microbe (e.g. bacterial) in the specimen
have between about 1000 and about 100,000 rRNA copies
each, or may have between about 5000 and about 45,000
rRNA copies each.

[0237] For example, it has been shown that the number of
rRNA copies per cell (z) can provide a link between the
microbial, or optionally bacterial rRNA concentration
([RNA]) and microbial, or optionally bacterial density
(CFU/ml) in a microbial-containing specimen. FIG. 3 shows
an equation that relates rRNA copies per cell to bacterial
concentration in urine specimens.

[0238] In accordance with one aspect of the teachings
described herein, a method of quantifying bacterial density
in specimen a urine specimen of a patient with a urinary tract
infection (UTI) is described. FIG. 1 is a flowchart illustrat-
ing one embodiment of this method.

[0239] Referring to FIG. 1, one example of a method 100
of estimating the microbial density (in this case the bacterial
density) in a clinical specimen includes a first step 102 of
obtaining a clinical specimen. In most embodiments of the
method, the clinical specimen is believed to contain at least
one species of bacteria in a clinically relevant amount, and
may be suspected of containing two or more species of
bacteria in a clinically relevant amount. In the illustrated
example, the clinical specimen is a urine specimen obtained
from a patient that is complaining of symptoms consistent
with a urinary tract infection and the specimen is suspected
of containing at least a clinically relevant amount of E. coli.
[0240] Once the specimen suspected of containing a clini-
cally relevant amount of bacteria is obtained, in a second
step 104, the rRNA of the bacteria in the specimen is
processed to obtain an rRNA signal. At least one positive
control and at least one negative control are included in step
104.

[0241] In some embodiments of the invention, the time it
takes from when a clinical specimen is obtained (i.e. step
102) to when the rRNA of at least one bacterial species in the
clinical specimen has been processed (i.e. step 104) is less
than four (4) hours. In some preferred embodiments, the
time it takes from when a clinical specimen is obtained (i.e.
step 102) to when the rRNA of at least one bacterial species
in the clinical specimen has been processed (i.e. step 104) is
less than 3 hours; less than 2 hours; less than 1 hour; less
than 30 minutes; or less than 15 minutes.

[0242] The rRNA signal obtained from step 104 may then
be used to determine the rRNA concentration of the bacteria
in the specimen, preferably automatically when using a
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suitable system (i.e. without requiring intervention from a
skilled technician). A determination of rRNA concentration
may be based on a linear log-log correlation between the
assay signal and the concentration of the rRNA analyte.
Therefore, in a next step 106, the log of the rRNA signal
from step 104 may be calculated to give the rRNA signal
LOG.

[0243] In a next step 108, the log of the negative control
signal from step 104 is subtracted from both the rRNA signal
LOG from step 106 and the log of the positive control signal
from step 104. The resulting rRNA signal LOG is then
compared with the resulting positive control signal LOG to
normalize the signal intensity of the rRNA signal LOG and
determine the rRNA concentration of bacteria in the clinical
specimen (units=pM, Log 10).

[0244] In a next step 110, the rRNA concentration from
step 108 may be inputted into a predetermined translation
function to estimate the bacterial density value LOG in the
clinical sample (units=CFU/ml, Log 10).

[0245] In a next step 112, the inverse log of the bacterial
density value LOG from step 110 may be calculated to
estimate the bacterial density value of the clinical specimen
(units=CFU/m]).

RNA Quantification (Step 104)

[0246] Determining the concentration of rRNA may be
done using any suitable method, including those described
herein. One example of a suitable method may include the
steps of: 1) Lysis to release rRNA 128; 2) Neutralization of
the lysate 130; 3) Hybridization of target rRNA with a
capture probe and detector probe 132; and 4) Detection of
capture probe-target rRNA-detector probe complexes 134.

[0247] Optionally, the method of determining the concen-
tration of the rRNA may be performed at least partially, and
preferably completely, automatically using a suitable appa-
ratus.

[0248] In the illustrated example, a MagPix (Luminex)
magnetic bead assay is used to measure the E. coli rRNA
concentration in fresh urine specimens from a patient with
UTL

Lysis (Step 128)

[0249] Optionally, the lysing step 128 may include at least
one of chemical lysing, mechanical lysing, and/or a combi-
nation thereof. In a preferred embodiment, lysis 128 may
include both chemical and mechanical lysing operations. In
a more preferred embodiment, the chemical and mechanical
lysing operations may be performed simultaneously. Alter-
natively, the chemical and mechanical lysing operations may
be performed at different times. One example of a suitable
lysing method and apparatus is described in the U.S. pro-
visional patent No. 62/541,418, which is incorporated herein
by reference.

Neutralization (Step 130)

[0250] The goal of the neutralization step is to get the
lysate to a pH between about 6 and about, preferably about
between 6.5 and about 7.5, most preferably, about 7. The
neutralization step 130 can be performed using any known
or unknown method.

[0251] In the illustrated example, samples are lysed with
one-half sample volume of 1M NaOH. This lysate is then
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neutralized with an equal volume (1.5x sample volume) of
1M sodium-potassium phosphate buffer, pH 6.4.

Hybridization (Step 132)

[0252] Preferably, a species-specific signal can be pro-
vided for each type of target bacteria that is expected to be
present in the clinical specimen. By using a species-specific
signal, the signal of rRNA from different types of bacteria in
mixed specimens may be individually observed/counted
and/or only signals from the desired, targeted bacteria may
be counted. This may help facilitate the quantification of two
or more different target bacteria within a common clinical
specimen, and may allow the concentrations of two or more
target bacterial rRNA concentrations to be measured gener-
ally simultaneously.

[0253] This may be advantageous when analyzing certain
types of clinical specimens, such as urine specimens and/or
blood culture specimens, which may tend to include a
variety of different bacteria in generally unknown quantities
at the beginning of the analysis process. By using species-
specific signal probes, the methods described herein could
be used to independently determine a quantity of rRNA from
two or more specific bacterial species in the clinical speci-
men, input those values into respective, pre-determined
transfer functions and calculate respective rRNA concentra-
tion values for each bacterial species. These results can then
be used to provide outputs and/or as inputs in other method
steps on a species-specific basis. For example, the methods
may indicate a bacterial density value for E. coli that is
above an E. coli pre-determined treatment threshold, while
a bacterial density value for K. preumoniae that is below its
respective pre-determined treatment threshold. This may be
used to initiate further treatment or diagnoses methods
regarding F. coli, while not initiating analogous steps for K.
preumoniae. Alternatively, if both bacterial density values
are above their respective pre-determined treatment thresh-
olds, a different, suitable treatment protocol may be selected
or followed.

Detection (Step 134)

[0254] A variety of platforms can be used for detection
134, including but not limited to excitation and imaging of
fluorescent-tagged detector probes, bioluminescence using
luciferase-type enzymes, and amperometric current using an
electrochemical sensor. In the illustrated example, fluores-
cent-tagged detector probes are used for detection.

[0255] During detection 134, at least one positive control
and at least one negative control are included. In the
illustrated example, a synthetic oligonucleotide with the
same sequence as the target rRNA is included as a positive
control and a sample without rRNA or bacteria is included
as a negative control.

Translation Function

[0256] The translation function used in step 110 is pref-
erably selected from amongst one or more pre-determined
translation functions. Suitable translation functions may be
determined using any suitable technique, including those
described herein. Optionally, more than one translation
function may be determined and may be stored or otherwise
recorded in a translation function table. For example, dif-
ferent translation functions may be developed for different
species of bacteria that may be expected to be present in an
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incoming clinical specimen. That is, one translation function
may be used to correlate the rRNA concentration and
CFU/ml of E. coli in a given specimen, while a different
translation function may be used to correlate the concentra-
tion of rRNA and CFU/ml of K. preumoniae. Some trans-
lation functions may be better suited for use with a given
type of bacteria.

[0257] Each translation function may take as an input a
value that is based on the species-specific rRNA concentra-
tion in the specimen. For example, a translation function
derived for E. coli may take as its input a value correspond-
ing to the rRNA concentration of . coli in the specimen,
whereas a translation function for K. preumoniae may take
as its input a value corresponding to the rRNA concentration
of K. pneumoniae in the specimen.

[0258] If more than one translation function has been
determined, the methods and/or systems described herein
may include the steps of selecting one translation function,
from the two or more translation functions available, as
being most appropriate for use with a given clinical speci-
men. The selection of a given translation function may be
based on a variety of factors, including user inputs/selec-
tions, the expected types of bacteria, the type of specimen,
ambient temperature, and sample storage time.

[0259] Ina preferred embodiment, a translation function is
derived from a microbe (e.g. bacterial) species-specific
standard curve. To derive a microbe species-specific stan-
dard curve, rRNA concentrations of a specific microbe may
be measured in a group of clinical specimens of the same
type (e.g. a group of urine specimens). Species-specific
microbe densities may then be determined on the same
specimens using any known method. This relationship may
then be plotted on a graph, with rRNA concentration (pM,
Log 10) on one axis and CFU/ml (LLog 10) on the other axis
to determine the correlation between rRNA concentration
and microbial density. The resulting relationship between
these two variables may define a translation function.
[0260] The number of specimens required to derive a
microbial species-specific standard curve may depend on
such factors as the type of specimen and the species of
bacteria being analyzed. The number of specimens required
to accurately define a relationship between rRNA concen-
tration and bacterial density may be determined using
known statistical methods.

[0261] In the illustrated example, in a first step 136, a
MagPix (Luminex) magnetic bead assay is used to measure
E. coli rRNA concentrations in fresh urine specimens from
25 patients with UTI, as according to steps 102-108. In a
next step 138, the bacterial density of E. coli in each
specimen is determined with plate counts. In a next step 140,
the log of each bacterial density from step 138 is calculated
for each specimen to obtain the bacterial density LOG,
which, in a next step 142, is plotted on a scatterplot against
the rRNA concentration from step 136. From this scatterplot,
the correlation between rRNA concentration and bacterial
density is determined. FIG. 2 illustrates the correlation
between E. coli fRNA concentration and density of . coli
for urine specimens from 25 patients with . coli urinary
tract infection.

[0262] In the illustrated example, the slope of the resulting
regression line may be used as the translation function to
estimate the E. coli bacterial density value (CFU/ml) in a
urine specimen. More specifically, the linear equation of the
resulting regression line, as represented by the general
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formula y=mx+b, may be used to estimate the bacterial
density value (CFU/ml) of E. coli in a clinical specimen,
wherein x is the rRNA concentration of E. coli in a clinical
specimen (pM, Log 10) and y is the bacterial density value
of E. coli in the clinical specimen (CFU/ml, Log 10).
[0263] Inthe illustrated example, the linear equation of the
resulting regression line, and therefore the translation func-
tion, is y=1.79x+3.5, as seen in FIG. 2. Therefore, in the
illustrated example, the translation function for E. coli was
empirically determined to be y=1.79x+3.5, where y is CFU/
ml (log 10) and x is the rRNA concentration (pM, Log 10)
value for the tested clinical specimen. The bacterial density
value in units of CFU/ml can then be obtained by taking the
inverse log of y. In other words, the bacterial density value
for E. coli can be described as:

bacterial density value=antilog(1.79x+3.5)

[0264] While in this example the x coeflicient is presented
with three significant digits, other examples of the transla-
tion function may have only a single decimal point or may
be otherwise rounded while still providing a sufficiently
accurate output for the bacterial density value on which to
base clinical decisions.

Microbial or Bacterial Density Value

[0265] Optionally, the microbial or bacterial density value
(from step 112) can be provided to a user, for example via
any suitable type of user display apparatus, such as a screen,
print-out, email, text message, graphic, or the like. This
information may then be used for any suitable purpose,
including, for example, reporting and/or regulatory compli-
ance.

[0266] In some embodiments, the microbial, or optionally
bacterial density value may be used as an input or otherwise
implicated in other sorts of methods. For example, in one
embodiment, the microbial density value may be used to
determine the likelihood of infection. In another embodi-
ment, the microbial density value may be used as one of the
inputs in a method or process that is to be performed on the
clinical specimen. In another embodiment, the microbial
density value may be used as a predictor of wound healing
and/or acceptance of grafts.

Screening for Infection

[0267] Estimation of microbial, or optionally bacterial
density may be useful in testing clinical specimens for the
presence of bacteria above a certain predetermined cutoff or
threshold. Microbial densities above the cutoff may be
considered positive and indicate the presence of infection;
microbial densities below the cutoff may be considered
negative and may indicate such factors as contamination of
the specimen during collection or outgrowth of contami-
nants during storage or transport.

[0268] In the illustrated example in FIG. 1, at step 144, a
false negative rate of <5% is determined to be sufficient to
assess the likelihood of infection in a clinical specimen. This
means that the cutoff for the assessment of infection is set to
2 standard deviations above background, meaning that if the
bacterial density value of a specimen is greater than or equal
to 2 standard deviations above background, there is a
likelihood of infection. Conversely, if the bacterial density
value of a specimen is less than 2 standard deviations above
background, there is not a likelihood of infection.
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[0269] In the illustrated example in FIG. 1, the likelihood
of infection in a clinical specimen is assessed in steps
114-118. As a first step 114, the bacterial density value of £.
coli in a urine specimen (from step 112) is compared with
the predetermined infection threshold of 2 standard devia-
tions above background (from step 144). If the bacterial
density value from step 112 is greater than or equal to the
infection threshold (i.e. =2 standard deviations above back-
ground), a positive output indicating the likelihood of infec-
tion is produced, as seen at step 116. Alternatively, if the
bacterial density value from step 112 is less than the infec-
tion threshold (i.e. <2 standard deviations above back-
ground), a negative output indicating that infection is not
likely is produced, as seen at step 118.

AST Inoculation Concentration

[0270] Estimation of microbial, or optionally bacterial
density may be useful in determining a dilution factor
required for the inoculation of a clinical specimen into
growth medium for a direct from specimen phenotypic
antimicrobial susceptibility test (AST). Providing a bacterial
density value that is within an acceptable resolution for
clinical analysis may help determine an appropriate dosage
of an inoculation agent to be used with a given clinical
specimen to help provide a desired or target inoculation
concentration in the clinical specimen. Utilizing the bacte-
rial density value as a factor to help determine the dosage of
the inoculation may help reduce the likelihood of over or
under-diluting a given clinical specimen during further
processing.

[0271] For example, in one embodiment, the target inocu-
lation concentration of the AST may be 5x105 CFU/ml.
Inoculation concentrations up to 5x106 CFU/ml may pro-
vide an accurate AST result, whereas inoculation concen-
trations greater than 5x106 CFU/ml may limit growth,
thereby possibly reducing accuracy of AST results.

[0272] By using the techniques disclosed herein to make
dilution calculations based on the bacterial density value, it
may be possible to produce the same AST outcomes as
would be expected by making dilution calculations based on
the actual bacterial density—and/or based on currently
accepted estimation techniques.

[0273] FIG. 5 shows the data generated from clinical urine
specimens using the methodology described earlier. The
calculated CFU/ml was determined by using the equation
that relates the universal (EU) Luminex signal into a bac-
terial concentration. This can be compared to the actual
CFU/ml, which was determined by diluting the cultures and
counting the colonies formed on agar plates. The calculated
concentration was used as a guide to dilute the urine
specimen to ensure a starting AST concentration of 5x10™5
CFU/ml. Even though there is some variation between the
calculated and actual concentrations, the subsequently per-
formed AST was not affected by the concentration difference
and still produced accurate results.

[0274] In the illustrated example of FIG. 1, the determi-
nation of the AST inoculation concentration of the clinical
specimen is set out in steps 120-126. As a first step, the
bacterial density value from step 112 is compared to the
predetermined desired target inoculation concentration for
AST. If the bacterial density value from step 112 is greater
than the desired target inoculation concentration, step 122 is
engaged, in which the dilution factor required to dilute the
bacterial density value of the specimen to within the desired
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target inoculation concentration range is determined. Based
on the calculated dilution factor from step 122, growth
medium is added to dilute the specimen to within the desired
target range, as per step 124. The specimen can then be
inoculated into growth medium for the AST, as per step 126.
[0275] On the other hand, if the bacterial density value
from step 112 is less than or equal to the desired target
inoculation concentration, the specimen may be inoculated
into growth medium for the AST without dilution. In other
words, steps 122-124 may be by-passed and the user would
go immediately to step 126.

Automation

[0276] Preferably, some or all of the steps in the methods
can be automated using suitable equipment and do not
require a skilled laboratory technician or the like to process
the specimens and/or interpret the results. In some embodi-
ments described herein, the inputs for the analysis method is
a generally “fresh”, unmodified specimen obtained directly
from a subject and the output of the method is an answer that
is usable and/or understandable by a lay operator (i.e. not a
skilled lab technician). For example, the output may be in
the form of a number that represents the concentration of the
target microbe or bacteria within the specimen.

[0277] What has been described above has been intended
to be illustrative of the invention and non-limiting and it will
be understood by the persons skilled in the art that other
variants and modifications may be made without departing
from the scope of the invention as defined by the claims
appended hereto. The scope of the claims should not be
limited by the preferred embodiments and examples, but
should be given the broadest interpretation consistent with
the description as a whole.

What is claimed is:

1. A method of determining a bacterial density value in a
specimen, the method comprising:

(a) obtaining a specimen to be analyzed;

(b) conducting an RNA assay on the specimen including

the steps of:

1) lysing the specimen to release bacterial rRNA using
at least mechanical lysis;

ii) neutralizing the released rRNA;

iii) hybridizing the released rRNA with capture and
detector probes to form one or more capture probe-
rRNA-detector probe complexes; and

iv) detecting the capture probe-rRNA-detector probe
complexes;

to determine a bacterial rRNA concentration in the speci-

men, wherein the bacterial rRNA concentration is

defined as a number of rRNA molecules per volume of
the specimen;

(c) converting the bacterial rRNA concentration to a

bacterial density value; and

(d) displaying the bacterial density value to a user via a

user display apparatus.

2. The method of claim 1, wherein a pre-determined
translation function is used to convert the bacterial IRNA
concentration to the bacterial density value.

3. The method of claim 1, the method comprising a further
step of:

outputting the bacterial density value in a format that is

useful for determining a dilution factor for a phenotypic

antimicrobial susceptibility test.
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4. The method described in claim 1, wherein the specimen
comprises at least one of a biological material and a culture
of biological material.

5. The method of claim 1, wherein the bacterial rRNA
concentration is determined by steps comprising:

(a) processing the bacterial rRNA to obtain an rRNA
signal, wherein the rRNA signal is determined using an
electrochemical sensor platform, an optical platform, or
a qRT-PCR, wherein the optical platform comprises at
least one of an ELISA, magnetic beads, and a capture
probe array;

(b) taking the log of the rRNA signal to obtain an rRNA
signal; ,; and

(c) comparing the rRNA signal, ,; with a positive control
to determine the bacterial rRNA concentration of the
specimen.

6. The method of claim 1, wherein a pre-determined
correlation is used to convert the bacterial rRNA concen-
tration to the bacterial density value.

7. The method of claim 1, wherein the specimen is
provided by or taken from a mammal.

8. The method of claim 1, wherein the specimen is a
clinical specimen and wherein steps a) and b) are conducted
directly on the clinical specimen.

9. The method of claim 8, wherein the clinical specimen
comprises a biological material, and the biological material
comprises at least one of urine, blood, blood culture, serum,
plasma, saliva, tears, gastric fluids, digestive fluids, stool,
mucus, sputum, sweat, earwax, oil, semen, vaginal fluid,
glandular secretion, breast milk, synovial fluid, pleural fluid,
lymph fluid, amniotic fluid, feces, cerebrospinal fluid,
wounds, burns, tissue homogenates and an inoculum derived
therefrom that is generated during conventional laboratory
testing procedures.

10. A method of determining if a subject has an infection,
comprising

(a) conducting a rRNA assay on a clinical specimen from
the subject including the steps of:

1) lysing the specimen to release bacterial rRNA using
at least mechanical lysis;

ii) neutralizing the released rRNA;

iii) hybridizing the released rRNA with capture and
detector probes to form one or more capture probe-
rRNA-detector probe complexes; and

iv) detecting the capture probe-rRNA-detector probe
complexes;

to determine a bacterial rRNA concentration, wherein the
bacterial rRNA concentration is defined as a number of
rRNA molecules per volume of the specimen;

(b) converting the bacterial rRNA concentration to the
bacterial density value and displaying the bacterial
density value to a user via a user display; and

(c) determining if the subject has the infection by com-
paring the bacterial density value with a predetermined
infection threshold value of the subject related to the
clinical specimen.

11. The method of claim 10, wherein a pre-determined
translation function based on a known correlation between
an actual rRNA concentration and a bacterial density is used
to convert the bacterial rRNA concentration to the bacterial
density value.

12. The method of claim 10, wherein the infection is
likely if the bacterial density value is greater than or equal
to the infection threshold value.
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13. The method of claim 10, wherein an infection is not
likely if the bacterial density value is less than the infection
threshold value.

14. The method of claim 10, wherein the clinical speci-
men is obtained from a mammal.

15. The method of claim 10, wherein the clinical speci-
men comprises at least one of urine, blood, blood culture,
serum, plasma, saliva, tears, gastric fluids, digestive fluids,
stool, mucus, sputum, sweat, earwax, oil, semen, vaginal
fluid, glandular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal fluid,
wounds, burns, tissue homogenates and an inoculum derived
therefrom that is generated during conventional laboratory
testing procedures.

16. A method of determining a dilution factor of a clinical
specimen to use in a direct-from-specimen phenotypic anti-
microbial susceptibility test, the method comprising:

(a) conducting a rRNA assay on the clinical specimen to
determine a bacterial rRNA concentration, wherein the
bacterial rRNA concentration is defined as a number of
rRNA molecules per volume of the specimen; and

(b) converting the bacterial rRNA concentration to a
bacterial density value; and

(c) comparing the bacterial density value to a target
inoculation concentration for use in a phenotypic anti-
microbial susceptibility test, wherein
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if the bacterial density value is greater than the target
inoculation concentration then further including the
step of diluting the clinical specimen so that the
bacterial density value is equal to or less than the
target inoculation concentration before conducting
the phenotypic antimicrobial susceptibility test, or

if the bacterial density value is less than the target
inoculation concentration then further including the
step of conducting the phenotypic antimicrobial sus-
ceptibility test without diluting the clinical specimen.

17. The method of claim 16, wherein the clinical speci-
men is provided by or taken from a mammal.

18. The method of claim 16, wherein the clinical speci-
men comprises a biological material, and wherein the bio-
logical material comprises at least one of urine, blood,
serum, plasma, saliva, tears, gastric fluids, digestive fluids,
stool, mucus, sputum, sweat, earwax, oil, semen, vaginal
fluid, glandular secretion, breast milk, synovial fluid, pleural
fluid, lymph fluid, amniotic fluid, feces, cerebrospinal fluid,
wounds, burns, tissue homogenates and an inoculum derived
therefrom that is generated during conventional laboratory
testing procedures.



